INTRODUCTION
The aim of this paper is to provide a first tool for calculating the homology of the topological Hochschild homology, thh(R), of a commutative S-algebra spectrum R. The interest in this calculation lies in the close relation between topological Hochschild homology and algebraic K-theory. Throughout this paper, unless we mention otherwise, p is an odd prime.
Our main theorem states that in the spectral sequence calculating the mod p homology of thh(R) the first canonically possible differential is a certain primary operation. Here, H-Z/p is a cell S-algebra (in the sense of [5, VII]) representing reduced homology modulo p, and R represents any q-cofibrant S-algebra. We will now state this theorem and give a brief proof. The rest of the paper will be devoted to providing the necessary definitions and proofs of statements made during this proof.
The properties of the Hochschild homology spectral sequence which we shall use are enumerated in Theorem 8. In Section 7 we state how these properties are contained in [5] . Remark 2. In Section 6 we show that the theorem also holds for odd negative n given one further assumption about the Hochschild homology spectral sequence. Remark 3. In particular HZ/p is a q-cofibrant S-algebra and given any S-algebra A there is a weak equivalence AA -* A of S-algebras with AA q-cofibrant. See [ 
5, VII] for details.
Once one accepts the properties of the category of spectra our proof of this more general result is also technically simpler. In fact, the proof consists of observing the necessary naturality, identifying a universal example, and making the calculation for the universal example.
Proof. As constructed in [5] , HZ/p As R is weakly equivalent to the usual smash product. Hence, we may represent x by a map Sfl (HZ/p) As R. (HZ/p) As (-) is also the left adjoint to the forgetful functor from HZ/p algebras to S-algebras, so we can extend this to a map of HZ/p-algebras (that is to say S 
HOCHSCHILD HOMOLOGY
In this section we recall the definition of Hochschild homology and state those properties of topological Hochschild homology which we shall use in our arguments.
Suppose that C is a symmetric monoidal category with product A: C x C -+ C and unit U E obj C. Write Ak for the k-fold product A A ... A A and AO for U. We will often abuse notation by omitting mention of the natural isomorphisms making A associative and unital. We now list the properties of thh which we will use to obtain our results. The proofs all are in or follow fairly quickly from [5] and are given in Section 7. Write -** for the category with two objects and one non-identity map between them and write A6 for the category of functors from B to A. Write ? for the category of S-algebras constructed in [5] and &Hz/p for the comma category of maps HZ/p --B. In other words, &Hz/p is the category of HZ/p-algebras. is a map in with f and g weak equivalences and with Cl, D1, C2 and D2 all q-cofibrant HZ/p-algebras, then the map induced on E2 terms in the mod p Hochschild homology spectral sequence is an isomorphism and therefore thhHZ/P (f; g) is also a weak equivalence. A formula for HZ/p*CX where X is a unital spectrum and C is Steinberger's construction [7] is given in IX.2.1 of [2] . This formula provides the necessary input to our spectral sequences because [5] shows that C(X V SO) is weakly equivalent to CX. In this section we recall this formulae and introduce some notation making it easier to manipulate.
Recall that for any space X equivalent to a CW-complex we have an equivalence C+(E3?X) -ED?(QX+)
We will use "lower index" notation for the Dyer-Lashof algebra in order to deal conveniently with excess and admissibility conditions. Up to a multiplicative constant this is a reindexing of the same lower notation as in [2] and in the unstable case in [4] and [9] . Rather than stabilizing the unstable formulae from the earlier references we will base all our definitions and formulae on [2] . Definition 9. Let p be an odd prime and x E HZ/p*E with E an E,, spectrum. In this section we give a simple counting argument to find the "first" differential in this spectral sequence. All our other results will follow from this one by naturality arguments. . Here we show that a much simpler argument may be given in the special case we are interested in and obtain the more general formula (and its extension to THH of spectra) by naturality arguments.
For any j E Z define
Proof. We will use the facts that this spectral sequence is a spectral sequence of Hopf algebras over the Dyer-Lashof algebra and that we know both the E2 term and the object to which the spectral sequence converges. Write P(S) for the polynomial algebra generated by the set S, E(S) for the exterior algebra generated by S, F(S) for the divided polynomial algebra generated by S, and T(S) for the polynomial algebra uniformly truncated at height p generated by S. Note that IQixi -I + lxi _R + +1 (mod 2). Using the formula from Section 4 and the fact that n is odd we get the following formulae in which all congruences are modulo 2.
(HZ/p)* QS+ = P(QItn I J -1) 0 E(QItn I 0EI _), Here we are continuing to use the assumption that the conditions (1) hold. We will use these formulae to see where the Hilbert series for the E2 term and the E? term first differ. First, we factor the Hilbert series of each of the terms on the right hand side of equation (2). We factor the exterior term by distinguishing generators by whether or not aI = 1. 
h (E([QItn1 JJ =_ 1)) = h (E([QItln I sI_ 1, aI > 1)) * h (E([/QlQIQtn1 I cI = 0, aI > 0)) We factor the divided power term by using h(F(a)) = h(T(a))h(I(Qyp(a))) and distinguishing truncated polynomial generators by the number of l's in I. h (F([QItn1 I cI 0 O)) = h (T([(Ql

